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Dynamic Calibration of Exterior Orientations for Vehicle GPS/IMU/ LS Laser Imaging
System
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1. Chinese Academy of Surveying and Mapping, Beijing 100039, China; 2. The Key Laboratory of 3D Information Acquisition and
Application of Ministry of Education, Capital Normal University, Beijing 100048, Chira

Abstract: A calibration method with small rotatiorr angle corrections for the exterior orientations of vehicle laser
imaging system was proposed. Inthe vehicle laser imaging system, mobile surveying and ma pping platform system
( MSMP), integrated GPS with both IMU (inertial mea surement unit) and LS (laser scanner), the method used six
small rotatiomangle parameters and six small translation parameters to correct the parameters of traditional
nmodels. The experiments show that the new method efficiently corrected the installation errors and temporal
synchronizing errors in the system.

Key words : vehicle laser ima ging system exterior orientation; calibration; small rotatiorangle
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Tab.1 Data of sensors

GPS NovAtel DIz 4 :20Hz
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Tab. 2 Measurements of control points
( ) ( )
/m /s /m /m /m /m
10. 163 6 365 663.8859 -0.577 1 4 420 013.971 433 668. 792 61. 504
9.944 0 365 673.970 1 - 0.564 7 4 420 013.714 433 643.816 62. 167
9.993 8 365 676.476 7 -0.962 3 4 420 013. 521 433 637. 205 61.910
10.530 9 365 677.596 4 -1.293 0 4 420 013. 379 433 633.256 61.590
6.724 6 365 687.996 4 - 1.8333 4 419 984. 709 433 638. 969 60. 902
6.0725 365 690. 396 5 - 1.856 6 4 419 984. 780 433 645.556 60. 724
5.7658 365 692.8500 -1.929 2 4 419 984. 893 433 652. 117 60. 515
3 12
Tab.3 Results of 12 parameter calibration
yaw/! (*) pitchl (°) rolll (°) X/m Y/m Z/m
las  pos - 0. 006 025 0.077 464 - 0.088 393 - 0.021 851 0.506 100 - 0.165674
pos  wgs 0.004 120 0.007 745 - 0.008 457 - 0. 18 362 - 0.068 091 - 0.011187
: las ; pos POS ;wWgs WGS 84
4 12 : XY 7
Tab. 4 Precision of 12- parameter calibration m
4
X Y A
0. 046 672 0. 005 943 0.019 209 0.031 109 3

3 yaw pitch roll ’
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R XY Z
XY Z 0.052525m 0.034311m  0.024979 m,
0.046 672 m 0.005943 m 0. 019 209 m; 12
5 6
s Tab. 5 Precision of 6 parameter calibration m
2
( ) 0.031 109 m X Y Z
0.052 525 0.034 311 0.024 979
2
0.05 m
2
7 8
( 5) 6 d (Pl d(*)l dK‘l dX pe ’
dec deC 6 s 6 ’
POS
, 6
2
POS ’
6 ’ B
2
5 5 6 ’
7
4 5 : ( )
6
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Tab. 6 Least squares fitting central coordinates and radius of spherical targets m
( : 0.0014m) ( : 0.0052 m)
X Y Z R X Y A R
1 433638.0498  4420013.7338 62.2169 0.166 6 433638.0234  4420013.7530 62.1857 0.1919
2 433 642.761 1 4420 013. 8277 62. 1645 0.1607 433642.7620  4420013. 8829 62.207 6 0.2073
3 433646.0579  4420013.9194 62.403 0 0.1476 433 646.0664  4420013.9812 62.4513 0.2117
4 433 649.5023 4420013.9220 62.3297 0.172 8 433 649.5194  4420013.9750 62.3551 0.2331
5 433 655.567 3 4420013.947 1 62. 1603 0.1629 433 655.5771 4420013.9813 62.1567 0.203 1
6 433659.2619  4420013.998 2 62. 061 7 0.180 8 433659.2840  4420014.0896 62.0837 0.2617
7 433 666.9578  4420014.1040 61.876 1 0.1665 433666.976 6 4420014.1119 61.870 1 0.1826
8 433670.9649  4420014.0387 61.3758 0.1346 433 670.9779  4420014.0558 61.400 4 0.170 1
7
Tab. 7 Predsion of laser imaging data based on spherical targets m
X Y Z R
0.016 463 125 0. 049 905 344 0.029 773 01 0. 050 299 526 0.015 089 562
7 ( ) )
XY 7

0. 016 463 125 m 0. 049 905 344 m
0.029773 01 m; R
0.05 m; ( )
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Fig. 3 3D point cloud data acquired by vehicle laser

imaging system
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